In present paper, we calculated the response rate of a static charge outside d-dimensional Gauss-Bonnet black hole in the low-frequency regime, by using the quantization of an electromagnetic field in the background of static spherically symmetric d-dimensional spacetime in the Boulware vacuum, which can be expressed as the summation of hypergeometric functions.
Introduction
An important prediction in this field is the thermal evaporation of black hole [1] . This nontrivial effect was soon realized to be closely associated with the existence of an event horizon in Schwarzschild spacetime. One of the difficulties in studying fields in Schwarzschild [2] and other black hole spacetime, even when the fields are non-interacting, stems from the fact that the solutions to the field equations are functions whose properties are not well known. In the low-frequency regime, however, the situation is much simpler and the mode functions of the massless scalar field are well known [3] . Recently, Crispino et al. [4] suggested a scheme to quantize the free quantum electrodynamics in static spherically symmetric d-dimensional spacetime and gave out the response rate requires an eleven-dimensional spacetime to be consistent from a quantum point of view ([5] [6] [7] [8] ). Among the higher curvature gravities, the most extensively studied theory is the so-called Gauss-Bonnet gravity ( [9] - [15] ), which naturally emerges when we want to generalize Einstein's theory in higher dimensions by keeping all characteristics of usual general relativity excepting the linear dependence of the Riemann tensor. Therefore, it is necessary to study the quantization of the free electromagnetic field with the high-dimensional spacetime and its specific application outside a Gauss-Bonnet black hole.
In this paper, under the quantized electromagnetic field, we calculate the response rate of a static charge outside the the d-dimensional GB black hole in the Unruh vacuum [16] . The response rate is a quantum concept with no natural analog in classical physics though it is possible to define a corresponding classical quantity mathematically and represents the number of times the source responds to the field per unit time.
The paper is organized as follows. In Section 2, we review the basic concepts of the electromagnetic field in the arbitrary dimensional spacetime of a spherically symmetric black hole in a modified Feynann gauge. Section 3 devotes to calculate the response rate of a static charge outside a GB black hole of arbitrary-dimensions.
In Section 5, we summarize the main results.
Gupta-Bleuler Quantization in a Modified Feynman Gauge
In this section, we follow the notation of Ref. [4] to study the solutions of field equations for electromagnetic field in an asymptotic flat and static spherically symmetric ( ) 2 p + -dimensional spacetime. The quantization of electromagnetic field will be carried out in the frame of Gupta-Bleuler formalism in a modified The Lagrangian density for electromagnetic field in a modified Feynman gauge is
and G stands for the modified Feynman gauge
Here the vector K µ is independent on electromagnetic field A µ , and takes the form
Under this choice, the gauge condition changes into
From the Lagrangian density for electromagnetic field, the equations of motion are ( ) ( ) 
We denote the complete set of solutions of Equation (6) 
Physical Modes
For other independent solutions 1, 2, , p λ =
, which represent physical degrees of freedom, the time-component can be taken as zero. They are the linear independent solution of Equation (6) with a gauge condition 0 G = , and are classified into two types.
Physical Modes 1
The "physical modes 1" solution can be written as [4] ( )
1 ; 1
Quantization
Using Gupta-Bleuler quantization, we impose the equal-time commutation relations on the field Â µ and momentum ˆt µ Π operators 
A t A t t t
µ ν µ ν     ′ ′ = Π Π =     x x x x(9) ( ) ( ) ( ) 1, , , t pi A t t g ν µ ν µ δ δ +   ′ ′ Π = −   − x x x x(10)
Response Rate of a Static Charge Outside a D-Dimensional Gauss-Bonnet Gravity Black Hole
In this section, we will calculate the response rate of a static charge outside a d-dimensional ( )
Gauss-Bonnet black hole by following the procedure of Ref. [4] . In this case, the black hole is characterized by
The action of pure GB can be written as
where the coupling constant α can be regarded as the inverse of string tension and be assumed 0 α > in this paper. The Gauss-Bonnet term is given by 2 2 4
.
The line element for the exterior region of the d-dimensional Gauss-Bonnet gravity is given by
The ( ) f r in the d-dimensional GB gravity is ( )
The horizon radius
In order to avoid the indefinite results ( [17] [18]), we use the formula suggested by Crispino et al. [19] and assume the static charge located at ( )
, r θ with a current density j µ ( ) only need to consider the physical modes 1. To make the counting process more concise, we will limit in the spherical coulomb gauge. The mode function can be written as [4] ( )
In the limit 0 E → , the proper response rate of the charge can be written [4] ( ) ( ) 
